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=A ~~ ~: ~~ ~~~~~ 
In starburst galaxies, a large number of massive stars (e.g., ~ 10 *-~) tire formed within a short duration. 
Therefore, a burst of supernova explosions occurs inevitably - 10 7 yeaE's after the onset of lhe starburst. Since 
these numerous supeiT]ovae l~elease a hugc amounl of kinetic energy into the circumnuc]ear gas, ihe circumnuc.lear 
gas is lhelTnalized and a "superbubble" forms. This blows out often into the directions perpendicu[a~' to the galactic 
disk as a bipolar "superwind". A sL[perwind is a natural consequence of iuminous siarbursts anci thus is a basic 
physical process in the formation and the evolution of gaiaxies as well as the chemical evolution of the 
intergal<actic spacc. In the early phase of the galaxy fonnation, it is expccted lhat a superwind p]ay an important rolc 
to remove the gas off from galaxies and inhibit the star formation, characterizing the basic pi'operties of el]iptical 
galaxies observed in the local universe, such as a mass-metallicity reiation. The processed material in starburst 
galaxies is transfere,d from around the nuclear regions to the intergalaclic medium through superwinds. Hence, Ihe 
superwind phenomenon is one of lhe basic physical processes in the univei'se and the investigalion of Lheir basic 
nature will have an essential impact on the astrophysics. 
Chapter I AN OPTICAL INVESTIGATION OF SUPERW!NDS FROM STARBURST NUCLEl 
Nearby siarburst galaxies pl'ovide us good asirophysical laboralories. Many optica] spectroscopic studies have 
been done to investigate the starburst and superwind activilies. Although lhey have I'evealed many basic properties 
of starburst galaxics, they could only analyzc physical properlies of ihe ionlzcd gas avet'aged over relalive]y large 
velocity range becausc most of' them have used iow or medium dispersion spectroscopies. However, because many 
theoretical models predict that physica] conditions and the velocity field ot' the ionized _~:*as are closely related with 
each other, ii is very imporlant to invesiigate theii' muiuai relationships. Fo~' this purpose, speciroscopic studies with 
vcry high velocity resolutions are required to analyze veiocity-resolved physicai propertics. Al~hough Such sludies 
have been done for SOITIC particular objects, any systematic studies havc not yet becn done. Thus, I have conducted 
the sys~ematic spcctroscopic program for a sample of 18 siarburst galaxies and obtained lheir spectra aroLmd [NJI] 
A A 6548, 6583 and H (Y cmission iines with a very high velociry resolution (FWHM~::20 km s~i). A]though line 
 widths of starburst-nucleus galaxies are often i~arrow, the high spect~'al ~･esolution allows us to investig~te the 
emission-line profiies in detail. I find that biue- and red-shifted hig!~-veiocity components (BHVC and RHVC, 
i'espectiveiy) are found in both Ha and [NII]. Observ~iiona] properties of lhese high-velocity compouents are used 
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to understand the nature of superwinds from the starburst nuclei. Together with other inforrnation avaiiable in the 
literature; the inclination angle of galaxies, the mid- and far-infrared (MIR and FIR, respectivcly) properties, and 
the Balmer decrement. 
Our main results are; (1) most galaxies show blue-asymmetric line profiles, (2) FWHM is larger in mo]'e inclined 
(i.e., edge-on) and more FIR Iuminous galaxies, (3) relalive contribution of tl]e high velocity wing emission 
component becomes more evident in face-on galaxies, (4) enllancement of blue-shifted [NII] emission becomes 
more evident in FIR Iuminous edge-on galaxies with la]'ge FWHM, and (5) the [NIl]lHa ratio in BHVC becomes 
more evident wilh respect to tl]at in RHVC in galaxies with large dust extinction. In order to explain these 
correlations. I attribute the ionized gas to the following three componenls; (1) the disk component following the 
galactic disk rotation, (II) the fast superwind component flowing inlo the dii'ection perpendicular to the disk, and 
(III) the expanding ring-like component witl]in the disk. All these components are the basic building blocks in the 
siandard models of lhe superwind. I suggest that the [NIl] emission is enhanced in the third component because of 
thc strong shock heating al the interface between ihe expanding superbubble and the dense ambient gas in the disk. 
The dust extinction plays an important role on the observed properties of emission lines. I suggest that dust grains 
exist (1) witllin the galaclic disk which auenuate the red-shifted superwind component seen from the face-on view, 
and (II) near the nucleaT region which attenuate the red-shifled expandi]1g ri]]g component seen from the edge-on 
view. 
I find thal the [NII]/Ha ratio in both BHVC and RHVC shows cori'elations with MIR and FIR properties, 
suggesting that p]1ysical conditio]Is of the ionized gas are closely related with both thc star-formation and the 
superwind activities in order to understand the correlations. I construct a new model in which a starbursi model of 
Mouri & Taniguchi (Astrophysical Journal, Vol. 386, P. 681) is combined with a dynamical model of the 
superbubble together with a physical model of the shock heating. The model can explain the obse]'ved correlations in 
terms of the relative contribution of the sl]ock heating in the superwind with t'espect to the pl]otoionizatio]1 by 
massive stars. 
Chapter ll OBSERVATIONAL PROPERTIES OF THE SUPERWIND FROM THE FACE-ON 
RAYET STARBURST GALAXY MRK i 259 
WOLF-
In addition to the ionized-gas superwind, an outnow of cold gas (molecular gas and atomic gas) is also observed 
in some superwind galaxies. A bubble of the ionized gas sweeps up tlle cil~cumnuclear gas, Ieading to an outflow of 
cold gas as well as the ionized-gas one. Thus, in order lo understand the whole physical processes of superwinds, 
investigation of both hot and cold gas is important. Hence, In Chapter 11 of this paper, I present results of a 
comprehensive study of botl] ionized gas and molecu]ar gas in one of the nearby starburst galaxy Mrk 1 259 (=1C 630 
= PGC 31 636) wllich seen from an almost face-on view. 
In Part I. I report the discovery of a starburst-diiven wind (superwind) from this galaxy. The estimaled number 
ratio of Wolf-Rayet (WR) to O stars amounts to~0.09. While the nuclear emission-line region is due to usual 
photoionization by massive stars, the circumnuclear emission-line regions show anomalous line ratios that can be 
due to cooling shocks. Since the host galaxy seems to be a face-on disk galaxy and the excitation conditions of the 
circumnuclear emission-line regions show lhe spalial symmetry, I consider that we are seeing the superwind nearly 
from a pole-on view. Cooling shock mode]s may explain the observed emission line ratios of the circumnuclear 
regions although a factor of 2 overabundance of nitrogen is necessary. All these suggest that the high-mass enhanced 



















































starbursi occurred - 5 X I O 'iyears ago in lhe nuclear region of Mrk 1 259. 
In Part II, I report resukts of 12CO(J~1-0) mapping observalions of this galaxy. The CO emission is detected in 
the central 4 kpc region. The nuclear CO spectrum shows a blue-shifted (A V::: 27 km s~i) broad (FWHMC~ I 14 
km s l) component as well as the narrow one (FWHM~~ 68 km s~1). The off-nuclear CO spectra also show the single-
peaked broad component (FWHM~ I OO km s~1). The single-peaked CO profiles of both the nuclear and off-nuclear 
regions may be explained if we introduce a CO gas disk with a velocity dispersion of - 100 km s~1. If this gas disk 
would be extended up to a few kpc in radius, we may explain lhe wide line widths of the off-nuclear CO emission. 
Altematively, we may attribute the off-nuclear CO emission to the gas associated wilh the superwind. However, if 
all the CO gas moves along the biconical surface of the superwind, the CO spectra would show double-peaked 
profiles. Hence, the single-peaked CO pi~ofiles of the off-nuclear regions may be explained by an idea that the 
morphology and/or velocity field of the molecular-gas superwind are more complex as suggested by 
hydrodynamical simulations. 
In Part 111, I report results of aperture synthesis observations in l~CO(J~1-0) of this ga]axy. Our observalions 
reveal the following three 12CO emission components. (1) The nuclear component; this component is compact (r~ 
5", or r:~650 pc) and is spatially associaled with the slarburst nucleus at the systemic velocity. The liile width is 
relatively narrow (~ I OO kin s~1 in FWHM) and may not be affected by the disk rotation. I attribute this component to 
the molecular gas associated with the nuclear siai'burst region. (Z) The outer disk component~ this component is 
spatially extended at r ~: 5"-20" scalc (or r ~650-2600 pc) around lhe nucieus. The velocity of this component is 
nearly the same as that of the nuclear component and shows litlle change across the off-nuciear regions. The linc 
width (~:20 km s~1 in FWHM) is narrower than lhat of the nuclear colnponent but is typical for the vertical velocily 
dispersion of gas in the disk. Thesc two dynamical properties suggcsi thal the molecular gas witl]in the galactic disk 
seen from nearly a face-on view is responsible f'or lhis componem. And, (3) the high-velocity componenl; this 
component is spatially extended around the nucleus at r :~ 5"-20" scale (or, r ~650-2600 pc) and is detected at 
velocities up todl6O km s~1, with peaks at ~ ~-40 knl s~1, from the systemic velocity. I attribute this component to 
[he molecular gas associalcd with the superwind seen from nearly a pole-on view, i.e., Ihe molecular gas nowing 
toward us (at the front side of the disk) and away from us (at the back side of the disk) are rcsponsible for the blue-
and red-shifted components, respeclively. The eslimaled kinctic energy of lhe outflowing molecu]ar gas is :~ 1.5 X 
10i" erg, which is about 50/0 of the total kinetic cncrgy supplied by supemova cxplosions. Therefore the superwind is 
 powerful enough to d]･ive thc observed molecular gas outflow. However, the outflow velocity js lower lhan the 
escape velocity of the hosl galaxy. Therefore, Ihe molecular gas associated with the superwind wil] fall back into the 
host ga]axy. 
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 論文審査の結果の要旨
 銀河の進化を理解することは宇宙物理学の主要な研究テーマの一つであるが,そのためには爆発的星
 生成現象,すなわち「スターバースト」を詳しく理解することが重要である。スターバーストが起こると,
 必然的に大量の超新星爆発が起こり,銀河規模のガスの放出現象,すなわち「スーパーウィンド」が発生
 する。よって,スターバースト現象とスーパーウィンド現象は物理的・進化的に密接に結び付いている。
 本論文は,このような観点に基づき,スーパーウィンドを有するスターバースト銀河の観測的研究を行
 い,「スターバースト・スーパーウィンド過程」の統一的な物理的描像を得ようとしたものである。
 本論文は,主に二つの章からなる。第一章では,18の近傍スターバースト銀河の可視域電離輝線の超
 高速度分解能(世界最高)分光観測に基づき,スーパーウィンドに付随する電離ガスの分布,運動状態,お
 よび物理状態を解析している。これまで困難であった電離輝線の輪郭の詳細な解析を多くの銀河に対し
 て行い,その結果の相関解析により電離ガスの運動状態の…般的な特徴を抽出し,電離ガス・スーパー
 ウィンドの三次元的な分布および運動状態を明らかにすることに成功した。また,輝線強度比と赤外線
 放射の性質などの相関解析により,星生成活動性と電離ガスの物理状態の相互関係を明らかにし,新た
 に提唱したモデルによって両者を物理的に関連付けることに成功した。
 スーパーウィンド現象は,様々な相にあるガスを含む総合的な現象である。第二章では,スターバー
 スト銀河Mrk1259の観測的研究を行い,電離ガスと分子ガスでスーパーウィンドの検出に成功し,両者
 の空問分布及び速度構造の相互関係を明らかにした。また,スーパーウィンドの三次元構造を理解する
 ためには,様々な方向のスターバースト銀河を観測する必要がある。しかし,これまでは主に横向き銀
 河の研究が行われてきた。この銀河はスーパーウィンドの詳細な研究が行われた初の正面向き銀河であ
 るので,スーパーウィンド銀河の基本的性質を理解する上で重要な貢献をしている。
 本論文は独創的な観測・解析手法を用い,スーパーウィンド銀河の基本的性質を明らかにするという
 成果を挙げており,高度な研究能力と学識を有していることが認められる。したがって,大山陽一提出
 の論文は,博士(理学)の学位論文として合格と認める。
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